The prevalence of otolaryngologic complaints in general practice is disproportionate to the extent of otolaryngology teaching in undergraduate medical education. This is the first multi-institutional validated study used to assess basic otolaryngology knowledge among medical students in order to understand their abilities to recognize and manage these cases. A 9-question, psychometrically validated, multiple-choice quiz was distributed in June 2017 to medical students of 9 US allopathic institutions as an assessment of basic otolaryngology knowledge. A total of 547 medical student responses were used to assess basic otolaryngology knowledge, comfort levels, amount of exposure to otolaryngology, and number of times the head and neck physical examination was taught formally. Comfort in managing otolaryngologic conditions correlated positively with knowledge (P < .001, R 2 ¼ 0.266), in addition to otolaryngology exposure correlating positively with knowledge (P < .001, R 2 ¼ 0.284). Students intending to enter otolaryngology had higher scores (P ¼ .002), higher comfort levels in managing otolaryngologic cases (P < .001), and higher comfort levels performing the head and neck examination (w 2 ¼ 21.324, P < .001), compared with students intending to enter primary care or another surgical specialty. Clinical students in third and fourth years entering any surgical specialty (including otolaryngology), more often than students entering primary care (P ¼ .007), recognized the obturator as the instrument used to guide the insertion of the tracheotomy tube. Additionally, the number of times the head and neck examination was taught correlated positively with comfort in performing the examination (r s ¼ 0.095, P ¼ .022). Our findings support the need for increased otolaryngologic education and training among all medical students, not only those entering otolaryngology.
Introduction
The extent to which otolaryngology-head and neck surgery (ear, nose, and throat [ENT] ) is taught formally in US allopathic undergraduate medical education (UME) is disproportionate to the number of conditions of the ear, nose, and/or throat that physicians encounter. Approximately 10% of new consultations to an adult general practitioner are an ENT complaint. 1 In the pediatric population, approximately 50% of patients seeing a general practitioner report an ENT complaint. 2 It is essential for primary care providers, as well as all graduating medical students, to be competent in recognizing and managing basic ENT conditions, knowing when to refer to an otolaryngologist, and to feel comfortable treating patients with otolaryngologic complaints.
Medical school graduates, most notably those entering primary care specialties, have previously been found to self-report poor overall comfort levels in managing otolaryngologic problems. 3 Further research has examined self-reported comfort in performing physical examinations or managing specific ENT cases. Kuan et al demonstrated improved comfort levels in performing the head and neck physical examination (H&NPE) through teaching reinforcement. 4 A second study also found that a specified H&NPE teaching session can increase a medical student's comfort in performing it, as well as increase overall awareness of the importance of ENT training. 5 Although studies have examined self-reported comfort in performing the H&NPE, we identified a gap in the literature assessing a medical student's knowledge in managing basic ENT conditions. One study assessed medical students' competencies in managing epistaxis, although the purpose of the study was to assess the efficacy of a specific multisensory teaching intervention. 6 Many other studies have reported on the extent, methods, and need for otolaryngology training in the UME curriculum. [7] [8] [9] [10] A limited number of studies has demonstrated further the need for providing more exposure to ENT in medical school curricula. These studies assessed competency in diagnosing and treating basic ENT conditions among primary care residents and reported low levels of competence in the field. [11] [12] [13] At the time of this manuscript writing, there are no studies assessing differences in ENT competencies and comfort levels among varying cohorts of medical students. The objective of this study is to measure basic knowledge of the respondent necessary to perform competently in managing essential general ENT cases and correlate this measure with medical student demographics in an effort to better understand the trend of ENT teaching in the UME curriculum. Additionally, this is the first multi-institutional study that utilizes a validated questionnaire to assess the variables of interest.
Methods
A questionnaire was conducted via SurveyMonkey (www.surveymonkey.com), collecting the following information from respondents: year in medical school, intended specialty, which years the head and neck examination was learned, amount of exposure to ENT, and comfort level in managing ENT cases (5-point Likert scale), followed by 9 psychometrically validated content knowledge questions (Supplementary) . No remuneration was offered for completion of the questionnaire. The institutional review board at Drexel University College of Medicine deemed the study exempt from a detailed review.
Content questions were developed under the guidance of 2 senior authors (P.Z. and R.T.S.), and psychometric validation was conducted by a Lawshe content validity ratio using a panel of 15 otolaryngology resident and attending physicians from Drexel University College of Medicine, George Washington University School of Medicine, and Philadelphia College of Osteopathic Medicine. The expert panel scored each question on the extent to which the knowledge or skill tested was ''essential,'' ''useful, but not essential,'' or ''not necessary'' in assessing a medical student's basic knowledge necessary to perform competently. Expert scores were converted to content validity ratios and determined the item necessity of 4 questions as ''essential'' and 5 questions as ''useful but not essential'' in assessing ENT competency, according to the criteria of the original Lawshe formula (Table 1) , where ratios closer to 1 are favorable.
14 The content validity index, which is the overall average content validity of these questions, was calculated as 0.36. Despite only 4 questions scoring as ''essential'' according to the original Lawshe formula, a total of 8 of the 9 validated questions received a minimum 50% expert agreement that items were essential in assessing ENT competency. This minimum expert agreement demonstrates good content validity and psychometric validation. The content questions demonstrated internal reliability using Cronbach a ¼ .546, and item correlation to overall competency was low and moderate.
All 148 US allopathic medical school Offices of Student Affairs were contacted seeking permission to survey students. Responses were received from 40 schools (27% response rate) and 9 schools (6%) eventually disseminated our questionnaire with a message of consent. Reasons for refusal of participation included policy to prohibit distribution of outside surveys (citing over-surveying of students), new school awaiting students, under Liaison Committee on Medical Education accreditation, or the study seen as relevant only to fourth-year students. Preferred method of distribution was a survey-specific e-mail from the Office of Student Affairs. However, 2 schools distributed the questionnaire by Facebook page or in a weekly newsletter, making it difficult to determine total number of students reached from these 2 institutions. Responses were collected at the end of the 2016 to 2017 academic year, from May to July 1.
Analyses were conducted using SPSS Statistics version 24 (IBM, Armonk, New York). Intended specialties were grouped into primary care according to the Association of American Medical Colleges definition, which includes internal medicine (categorical), family medicine, pediatrics, and internal medicine-pediatrics (combined). Surgical specialties were grouped according to the American College of Surgeons and include general surgery, thoracic surgery-integrated, obstetrics and gynecology, neurological surgery, ophthalmology, orthopedic surgery, otolaryngology, plastic surgery-integrated, urology, and vascular surgery-integrated. Analyses were also conducted with otolaryngology grouped separately from surgical specialties. The remaining specialties were considered in an ''other'' category for our purposes. 
Results
A total of 547 responses was collected from a sample size of 4995 students at 9 participating schools. An overall response rate of 11% was achieved ( Table 2 ). The total 547 responses comparably represented students in each year of medical school and intended specialty fields (Table 3) . Knowledge of managing basic ENT cases competently was calculated by average percentage of attempted content questions answered correctly. Of respondents who began the content questions in the questionnaire, the mean number of questions attempted by these respondents was 8.53 (N ¼ 467). The overall average percent correct of attempted questions, hereafter ''score,'' was 54.71% (0.5471).
The respondent's year in medical school was associated with a statistically significant difference in score, as determined by a Kruskal-Wallis H test (w 2 ¼ 124.316, P < .001), with mean rank scores of 164.80 for MS-1, 181.39 for MS-2, 269.92 for MS-3, and 330.79 for MS-4. Mann-Whitney multiple comparison testing with Bonferroni correction showed statistically significant differences between all years (P < .004) except between MS-1 and MS-2 (P ¼ 1.000). A Kruskal-Wallis H test also showed statistical difference in selfreported comfort managing ENT conditions grouped by year in medical school (w 2 ¼ 139.543, P < .001), with mean rank scores of 185.27 for MS-1, 219.44 for MS-2, 321.66 for MS-3, and 361.34 for MS-4. Corrected multiple comparisons showed statistically significant differences between all years (P < .001) except between MS-1 and MS-2 (P ¼ .310) and between MS-3 and MS-4 (P ¼ .188).
Self-reported comfort in managing ENT conditions correlated positively with score through a Spearman correlation (r s ¼ 0.365, P < .001). Additionally, self-reported comfort correlated positively with score while controlling for year, using linear multiple regression (P < .001, R 2 ¼ 0.266). Exposure to ENT also correlated positively with score through a linear multiple regression test, controlling for year (P < .001, R 2 ¼ 0.284). Respondents reported exposure to ENT in multiple clinical settings, including inpatient, outpatient, surgery, and ENT rotation (Table 4) .
With intended specialty characterized as surgical, primary care, or other, 1-way analysis of variance (ANOVA) showed no statistically significant differences in scores between groups (P ¼ .525). However, when comparing intended specialties otolaryngology, surgical, primary care, and other, 1-way ANOVA showed a statistical difference in scores between groups (P ¼ .001). A 1-way analysis of covariance (ANCOVA) demonstrated a significant effect of these same groups on score after controlling for year (P ¼ .002). Corrected multiple comparisons showed that competency scores (mean, +standard error) of respondents intending to enter otolaryngology (0.678 + 0.036) were statistically greater than those intending another surgical specialty (0.539 + 0.016, P ¼ .003), primary care (0.552 + 0.014, P ¼ .006), and other specialties (0.527 + 0.018, P ¼ .001). There were no significant differences among surgical, primary care, and other specialties. Clinical students in third and fourth years entering any surgical specialty (including ENT), more often than students entering primary care (P ¼ .007), recognized the obturator as the instrument used to guide the insertion of the tracheotomy tube.
The groups of otolaryngology, surgical, primary care, and other specialties demonstrated statistical difference in selfreported comfort in managing ENT conditions through 1-way 1-2 days  62  6  53  12  0  3-7 days  45  11  39  29  20  1-2 weeks  25  11  20  16  15  3 weeks or more  27  18  24  23  21  Total  159  46  136  80  56 Abbreviation: ENT, ear, nose, and throat. a Many students gained exposure to ENT in multiple clinical settings. nificant effect of these groups on comfort managing ENT conditions after controlling for year (P < .001). Corrected multiple comparisons showed that comfort levels of respondents intending to enter otolaryngology (2.988 + 0.136) were statistically greater than those intending another surgical specialty (2.408 + 0.061, P ¼ .001), primary care (2.545 + 0.053, P ¼ .016), and other specialties (2.399 + 0.064, P ¼ .001). There were no significant differences among surgical, primary care, and other specialties.
The number of times a student had been taught the H&NPE correlated positively with the self-reported comfort level in performing the examination (r s ¼ 0.095, P ¼ .022). Additionally, the intended specialty showed a significant difference in comfort performing the examination (w 2 ¼ 21.324, P < .001). Corrected multiple comparisons showed that comfort of respondents intending on otolaryngology reported a rank score (331.68) significantly higher than those intending primary care (217.66, P < .001), surgical specialty (220.65, P < .001), or any other specialty (214.56, P < .001). There were no significant differences among surgical, primary care, and other specialties.
Discussion
To our knowledge, this is the first multi-institutional, psychometrically validated study attempting to measure basic ENT knowledge assessing competency among medical students. The importance of a strong ENT background in the UME for physicians, especially those in primary care, has already been established. [1] [2] [3] [11] [12] [13] The results of this study describe the trend of exposure to ENT for medical students across 9 US allopathic medical schools.
A medical student's year is a determinant for ENT score, with a positive correlation between year and score. First-and second-year students showed no difference between scores. The self-reported comfort managing basic ENT conditions was found to differ significantly between the cohort of first-and second-year preclinical students and third-and fourth-year clinical students. A medical student gains more exposure to ENT during clinical years, which, based on our results, appears to correlate with higher subjective comfort levels in managing ENT conditions. Since many new UME curricula provide clinical exposure beginning in the first year, the authors found it appropriate to include all levels of students in this study.
Self-reported comfort with ENT correlated positively with scores among all respondents, as well as when controlling for year of respondent. Importantly, we found that as a student progresses through medical school, he or she gains comfort and skill in managing ENT cases, making comfort a predictor of knowledge necessary to perform competently. A student's basic ENT competency can thus be gauged by comfort or knowledge measures. One study in the United Kingdom reported that there is a need for improvement in student confidence with ENT. The authors described confidence with ENT history-taking, physical examination, and managing basic ENT conditions as significantly lower than with cardiovascular counterparts. 15 Among the most interesting results, the area of intended specialty was significant for multiple variables. Students intending to enter ENT reported higher scores, basic ENT comfort, and comfort performing the H&NPE. Those intending ENT are likely to have the most clinical exposure to the field in the UME, while the amount of clinical exposure to ENT, irrespective of intended specialty, is also correlated positively with basic knowledge. Of note, students in clinical years and entering ENT or another surgical specialty exhibited no difference in identifying tracheotomy part function. However, students entering all surgical specialties, inclusive of ENT, were able to identify tracheotomy part function more frequently than students entering primary care. This finding may suggest that all graduating students entering a surgical field have a reasonable knowledge level of tracheotomy management, while those entering primary care may lack it.
Our study failed to find any statistical differences in knowledge necessary to perform competently between students entering any surgical field and students entering primary care. Previous studies have found deficiencies in ENT competency when assessing primary care residents, [11] [12] [13] while one of those studies has reported a statistically significant difference in basic ENT competency between primary care residents and ENT residents. 12 These results may suggest a deficit in ENT competency among primary care residents or augmentation of ENT resident competency. As the first multi-institutional validated questionnaire designed to examine basic ENT knowledge of medical students, this study found that students intending to enter ENT exhibit greater ENT knowledge necessary to perform competently than students entering primary care, surgery, or any other field. Since our results do not find a difference between surgical and primary care specialties, but only find a difference when ENT is analyzed alone, this could suggest that all students should receive more ENT training in order to eliminate the disparity in essential basic competency.
During the past few years, there has been an unprecedented number of otolaryngology residency post-graduate year 1 (PGY-1) vacancies following the initial match. In 2017, 14 spots were unfilled and 12 spots went unfilled in 2018. In the past, there usually have been none. Moreover, the total number of applicants to otolaryngology annually has declined from 2014 to 2017. 16, 17 These data highlight the insufficient exposure of medical students at many institutions to the field of otolaryngology; and this educational deficit is reflected not only in a deficiency of otolaryngologic skills that are required by practitioners in many fields (especially primary care) but also in pervasive student unfamiliarity with otolaryngology and its many opportunities. Members of the Otolaryngology Program Directors Organization have published a position statement urging medical school deans and advisors to promote otolaryngology as a desirable field. 18 Few studies have reported on the teaching of the H&NPE, quantifying the comfort levels of medical students before and after specific teaching sessions. Similar studies found that teaching sessions led by faculty or resident otolaryngologists, which include practicing on peers, can increase comfort and reinforce skills required for performing the examination. 4, 5 However, these findings may be enhanced by the immediate timing of postsurveys following the H&NPE training sessions. Our findings were consistent, indicating a significant positive relationship between comfort level and the number of times the H&NPE was taught. Although our study does not consider the various types of teaching sessions of the examination, it is evident that repetition and practice contribute to increased comfort with each session.
Among the topics tested, a significant proportion of students selected incorrect distractor choices for multiple conditions, suggesting common misconceptions by medical students. Nearly 45% of students thought that proper management of an auricular hematoma involved icing and antiinflammatory drugs. Many students (37%) misidentified a peritonsillar abscess as enlarged lingual tonsils. A majority of respondents (62%) believed management of sudden unilateral deafness includes a computed tomography scan. Many students (31%) also believed the initial step in management of benign paroxysmal positional vertigo was meclizine or a similar vestibular suppressant medication. The same percentage of students (31%) incorrectly identified initial management of laryngopharyngeal reflux as performing an esophagogastroduodenoscopy.
This study presents multiple limitations. Primarily, the relatively low response rate of this sample size yields a lower power of statistical tests. This lower power could explain why no significant differences were found, or actual differences were missed, between surgery and primary care in many analyses. Additionally, content questions were created under the guidance of 2 senior authors (P.Z. and R.T.S.), testing topics identified by experts as essential for performing competently. Some of these topics were adapted from educational needs identified in previous studies, such as sudden sensorineural hearing loss, treatment of benign paroxysmal positional vertigo and epistaxis, and tracheostomy or stoma care. 8, 12 Future studies may benefit from simultaneous distribution of questionnaires to primary care residents in addition to medical students. This would allow for direct comparison between students and residents and also give a measure of comparison against already existing studies.
Medical students who intend to enter the field of otolaryngology-head and neck surgery exceeded students intending any other specialty group in basic ENT knowledge necessary to perform competently, comfort level in managing otolaryngologic problems, and comfort level in performing the H&NPE. With a substantial proportion of ENT complaints in general practice, it is imperative that all graduating medical students, not only those entering ENT, are trained adequately in basic ENT to perform competently and are comfortable enough to manage or refer these patients confidently. Through this multi-institutional study, we conclude that there is a need for ENT training across all students in the UME, in order to better prepare them for the high prevalence of ENT complaints in patients.
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